The obesity risk allele at a polymorphism in intron 1 of FTO was associated with weight regain 1 year after a 1-year lifestyle intervention.
the relationship between FTO polymorphism(s) and weight status is controversially being discussed [5, 12] , a significant relationship of physical exercise on the association between FTO polymorphism(s) and weight status have been reported: lifestyle interventions with intensive physical exercise did not find a relationship between FTO polymorphism(s) and weight loss [8] [9] [10] in contrast to interventions without intensive physical exercise units [7, 11] . Therefore, the hypothesis has been generated that intensive physical exercise may overcome the effect of FTO polymorphism(s) on weight status [3, 4] .
Due to these conflicting findings and the lack of studies in children analyzing the impact of SNPs in FTO to weight regain after weight loss, we performed the following study in obese children to analyze whether a SNP in FTO is associated with weight regain after end of intervention when regular physical exercise was stopped. Studies in obese children seem preferable since genetic causes of obesity likely show impact in childhood. Furthermore, studies in children have the advantage that there is no potential confusion with other diseases, medications, or active tobacco smoking. We hypothesize that a FTO polymorphism is associated with weight regain after lifestyle. Furthermore, we analyzed descriptively the relationships between a FTO polymorphism and cardiovascular risk factors at baseline as well as the association of the alleles at this polymorphism to changes of the cardiovascular risk factors.
Methods
The local ethics committees of the Universities of Witten/Herdecke and Duisburg-Essen approved this study. Written informed consent was obtained from all subjects and their parents.
Subjects
The investigated overweight children presented consecutively to our outpatient center specialized in pediatric obesity. All individuals were of European descent. Inclusion criteria were overweight according to the definition of International Task Force of childhood obesity [13] and participation in the 1-year lifestyle intervention 'Obeldicks' from 2008 to 2011 with an available followup measurement 1 year after the end of the intervention. Exclusion criteria were any medications or any endocrine or syndromal disorder.
Measurements
Weight status was determined as BMI at baseline, at the end of the 1-year intervention, and again 1 year later (i.e. 2 years after baseline). Height was measured to the nearest millimeter. Weight was measured in underwear to the nearest 0.1 kg using a calibrated balance scale. The degree of overweight was quantified using Cole's least mean square method, which normalized the BMI skewed distribution and expressed BMI as a standard deviation score (BMI-SDS) [14] . The pubertal developmental stage was determined according to Marshall and Tanner, and categorized into three groups based on breast and genital stages (prepubertal: boys with genital stage I, girls with breast stage I; midpubertal: boys with genital stage II-III, girls with breast stage II-III; late/post-pubertal: boys with genital stage ≥ IV, girls with breast stage ≥ IV).
At baseline and at the end of intervention, cardiovascular risk factors (waist circumference, blood pressure, fasting lipids, glucose, and insulin) were determined. Waist circumference was measured halfway between lower rib and iliac crest. Blood pressure was measured using a validated protocol [15] . Blood pressure was measured at the right arm after a 10-min rest in the supine position with an oscillometric device (Omron M6). Two repeated recordings were made with 5 min in between and the lowest value of the two recordings of systolic blood pressure and diastolic blood pressure measurements was recorded. The cuff size was based on the length and circumference of the upper arm and was as large as possible without having the elbow skin crease obstructing the stethoscope [15] .
Blood sampling was performed at 8 a.m. after 10 h fasting. After clotting, blood samples were centrifuged for 10 min at 8,000 rpm. Serum was stored at -81 ° C for later determination of insulin. Insulin concentrations were measured by microparticle-enhanced immunometric assay (MEIA TM , Abbott, Wiesbaden, Germany). Glucose levels were determined by colorimetric test using a Vitros TM analyzer (Ortho Clinical Diagnostics, Neckargemünd, Germany). Triglyceride, LDL and HDL cholesterol, and glucose concentrations were measured using commercially available test kits (HDL-C-Plus TM and LDL-C-Plus TM , both Roche Diagnostics, Mannheim, Germany; Vitros TM analyzer, Ortho Clinical Diagnostics; MEIA TM , Abbott). Homeostasis model assessment (HOMA) was used to detect the degree of insulin resistance using the formula: Resistance (HOMA) = (insulin [mU/l] × glucose [mmol/l])/22.5 [16] .
Genotyping SNP genotyping for rs9939609 (intron 1 of FTO ) was performed by allele-specific polymerase chain reaction (ARMS-PCR) as reported previously [10] . For validity of genotypes, alleles were rated independently by at least two experienced individuals. Discrepancies were resolved unambiguously either by reaching consensus or by retyping.
Intervention
The 1-year lifestyle intervention 'Obeldicks' has been described in detail elsewhere [17] . Briefly, this intervention is based on intensive physical exercise (1.5 h/week), nutrition education, and behavior therapy including the individual psychological care of the child and its family. The exercise therapy consists of sports, instructions in physical exercise as part of daily life, and in reduction of the amount of time spent watching television. The nutritional course is based on the prevention concept of the 'optimized mixed diet' which is both fat-and sugar-reduced. After the end of the intervention, no regular physical exercise was offered any more at the treatment center. The intervention was offered at three treatment centers in Germany. 
FTO and Weight Regain

Results
A total of 346 unrelated overweight children (mean age 10.6 ± 2.6 years, 45% male, mean BMI 27.3 ± 4.2, mean BMI-SDS 2.39 ± 0.49) were included in this analysis. 82 (23.7%) children were homozygous for the obesity non-risk allele (TT), 168 (48.6%) heterozygous (AT), and 96 (27.7%) homozygous for the obesity risk allele (AA). The genotype distribution did not depart from the Hardy-Weinberg equilibrium.
The 346 overweight children reduced their weight significantly (ΔBMI-SDS -0.29 ± 0.33; p < 0.001) during the 1-year lifestyle intervention. The children increased their BMI-SDS significantly between end of intervention and 1 year later (+0.10 ± 0.41 BMI-SDS; p < 0.001, adjusted p < 0.001). Compared to baseline, BMI-SDS at the 2-year follow-up was still significantly reduced (-0.18 ± 0.46; p < 0.001, adjusted p < 0.001).
The studied obesity risk allele at the SNP near FTO was not associated with BMI-SDS reduction during the lifestyle intervention but with weight regain 1 year after the end of the intervention ( table 1 ; fig. 1 ). The β estimators were derived from linear regression models: additive model of inheritance, adjustment for age (linear), sex, pubertal stage at baseline, change of pubertal stage, treatment center, and baseline BMI-SDS. Positive values of the effect sizes for the changes (Δ) indicate a reduction of BMI-SDS. Results that were significant after correction for multiple testing are highlighted in bold. * Adjusted p value.
Summing the time periods of intervention and followup demonstrated that the SNP near FTO was not associated significantly with changes of BMI-SDS between baseline and 2 years later after correcting for multiple testing.
Using changes of BMI instead the changes of BMI-SDS revealed the same findings: the A allele at the SNP near FTO was not associated with BMI reduction during the lifestyle intervention in multiple linear regression analysis adjusted to age, pubertal stage, gender, and baseline BMI (p = 0.777). The risk allele (A) was significantly related to BMI increase after the end of lifestyle intervention in multiple linear regression analysis (r 2 = 0.08) adjusted to age, pubertal stage, gender, and baseline BMI (β-coefficient 0.71, 95% confidence interval 0.04-1.38, p = 0.039).
None of the cardiovascular risk factors at baseline or their changes during the lifestyle intervention were significantly associated to the rs9939609 obesity risk alleles at FTO ( table 2 ) .
Discussion
We demonstrated that the obesity risk allele (A) at the FTO SNP rs9939609 was associated with higher weight regain after completion of a lifestyle intervention program. However, as this effect was small, other factors are likely involved as well [18] .
On the other side, this SNP at the FTO was not associated to weight loss during the lifestyle intervention in concordance to previous larger studies in adults [8] or children [9, 10] . Summing the time periods of intervention and follow-up revealed no significant impact of this SNP on weight changes after correcting for multiple testing according to a previous smaller study of our group [19] . In this study, another SNP in FTO (rs1558902, in high linkage disequilibrium; r 2 = 0.901, D ′ = 0.965) in intron 1 of FTO was used.
Interestingly, the SNP at the FTO was only related to weight regain after lifestyle intervention. This finding fits well to previous longitudinal population-based studies in children without interventions, which have demonstrated that the risk allele at the same SNP as analyzed in our study was associated with increased BMI z-scores at all points when starting at the age of 7 years until early adulthood [20, 21] .
We can only speculate why this SNP is only related to weight regain but not to weight loss during intervention. Our finding supports the hypothesis that physical exercise, which is included as regular exercise in the lifestyle intervention 'Obeldicks', may counteract the obesity susceptibility allele(s) at FTO [3, 4] . Of interest, lifestyle interventions with intensive physical exercise did not find a relationship between FTO polymorphism(s) and weight loss [8] [9] [10] in contrast to interventions without intensive physical exercise units [7, 11] . A large-scale meta-analysis confirmed that the effect of FTO variation on the risk of obesity is significantly lower in physically active adults compared with sedentary people [22] . When regular physical exercise was very likely stopped at the end of intervention in most of our participants, the effect of FTO on BMI may be unmasked in the follow-up period probably explaining the relationship between the SNP at the FTO and weight regain. If the relationship between exercise behavior, the SNP at the FTO , and weight regain is true, this fits to the conclusion of several meta-analyses of long-term weight maintenance studies in adults and children that exercise is important to sustain weight loss [23, 24] . Further longitudinal studies analyzing physical exercise during and after lifestyle intervention are necessary to prove this hypothesis.
In contrast to our findings, a large study in adults demonstrated no impact of SNP rs9939609 at FTO on weight regain [8] . One might speculate that the impact of this SNP on weight regain differs between adults and children besides other potential factors such as comorbidity and medication in adults influencing the relationship between FTO and weight regain. Indeed, the mentioned study of Delahanty et al. [8] was performed in adults with disturbances in glucose metabolism.
In concordance to previous studies [9, 25, 26] , we did not find an association of the risk allele at the rs9939609 FTO polymorphism to cardiovascular risk factors or their changes during lifestyle intervention when adjusting for BMI. Previous studies demonstrating an association between FTO obesity risk alleles and cardiovascular risk factors were not adjusted for BMI [26] [27] [28] .
The strengths of our study are its longitudinal design and the follow-up period after the end of intervention. However, some limitations have to be kept in mind. First, BMI percentiles were used to classify overweight. Although BMI is a good measure for overweight, one needs to be aware of its limitation as an indirect measure of fat mass. Second, due to the moderate sample size the findings have to be interpreted with caution. Third, we did not have a control group with obese children without intervention. However, previous longitudinal studies without intervention have demonstrated an increase of BMI-SDS in children carrying a risk allele at the FTO gene [29] [30] [31] . Fourth, the SNP at the FTO does not allow estimating gene expression and the true genetic regulation connected to the different SNPs at the FTO gene are unknown. Finally, we are not able to differentiate the effect of diet and physical exercise on changes of weight status due to our study protocol. Especially, we have no objective measurements of physical activity after the end of intervention. However, it is unlikely that the participating children kept up with the same degree of exercise per week after the end of the intervention period. Furthermore, reliable measurements of dietary intake and physical exercise are very difficult to estimate due to underreporting or overstating, respectively. Future studies including objective measurements of physical activity (for example by accelerometer) should be performed to validate a potential impact of physical activity on the relationship between FTO and weight regain after end of a lifestyle intervention.
In summary, we described association of the obesity risk allele (A) at polymorphism rs9939609 in intron 1 of FTO on weight regain 1 year after a 1-year lifestyle intervention. Specifically tailored interventions for children with obesity susceptibility loci such as risk alleles in polymorphisms at FTO have to be developed, particularly when our findings have been confirmed in additional larger studies including objective measurements of physical exercise.
